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ABSTRACT 

The development and construction of a whole-body dosimeter 

system for monitoring the radiation exposure to crew members 

during space missions is described. The system is a flight- 

qualified, self-contained unit consisting of a 6.8-cc ion chamber, 

electrometer, and electronics to drive a three-hand readout 

register. The system is capable of reading 0-1000 rad in 0.01-rad 

increments at a maximum rate of 108 rad/hr. 

0.8 lb, has a volume of 18.3 in.3, and is contour shaped for 

compactness and easy handling. 

The system weighs 

Construction details of the 

system, reliability estimates, qualifying tests, and operating 

instructions are given. 
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1 INTRODUCTION 

The Manned Spacecraft Center of the National Aeronautics 

and Space Administration (NASA) is developing a dosimeter system 

for measuring whole-body radiation dose to personnel during 

manned space missions. 

of that effort, and is a continuation of developmental work 

performed under contract NAS9-992. 

The work described here is in support 

The principal effort in this work has been directed toward 

reducing the size, weight, and complexity of the prototypical 

dosimeter systems (Ref.1) developed under contract NAS9-992. 

Major design changes incorporated in the Flight-Oualified Whole- 

body Dosimeter System include (1) elimination of the depth-dose 

shield, (2) replacement of the electrical readout with an im- 

pulse register, and (3)  a substantial reduction in weight and 

size of the system. 

An additional task of evaluating a quartz-fiber electrometer 

assembly, built by Electro-Optical Systems, Inc., was also 

performed as part of this work. 

Section I1 of this report describes the design and con- 

struction of the dosimeter system; Section I11 discusses relia- 

bility of the system; Section IV describes testing and calibration 
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and Section V gives operating instructions. 

mental-test requirements and the test results are presented 

in Appendix A and Appendix B, respectively. Appendix C is 

an evaluation study of the electrometer assembly manufactured 

by Electro-Optical Systems, Inc., and Appendix D lists the 

electrical and mechanical drawings furnished to the Manned 

Spacecraft Center. 

Detailed environ- 

2 



DESCRIPTION OF SYSTEM 

2.1 System Design 

The radiation dosimeter system (Fig. 1) consists of a 

6.8-cc ionization chamber, electronics, a self-contained battery 

power supply with a life of 250 hr, and a visual real-time 

readout register - all of which are integrated into a fiberglass 

and Styrofoam package. The system occupies 18.3 in. and weighs 

0.8 lb. The range of the dosimeter is 0-1000 rad (in 0.01-rad 

increments) with a maximum pulse rate of 3 pulses/sec, or 

0.03 radlsec. 

rate of 108 radlhr. 

to be flight-qualified by successfully passing the environmental 

tests as defined by Appendix A .  

The maximum pulse rate corresponds to a dose 

The dosimeter system has been demonstrated 

2.2 Principle of Operation 

Dose is measured in terms of the current from the ioniza- 

tion chamber at the grid of electrometer tube V1 (Fig. 2) by 

capacitor Cl. As C acquires charge, the grid of V becomes 

increasingly positive, causing the plate voltage to drop. 

Transistor Q1 prevents loading of the plate circuit of V1 and 

provides positive dc feedback to the screen grid of V1, thereby 

increasing the gain of V1. 

1 1 

Q, also provides the necessary 
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drive for Q2 which remains saturated and prevents the astable 

multivibrator (Q3 and Q4) from free-running when the plate 

voltage on V 

brator drives Q, into conduction, thus generating a feedback 

is high (nominally 16 v). The astable multivi- 1 

pulse of relatively constant width and amplitude. The feedback 

pulse is coupled through C 

conducts on the positive leading edge of the pulse and allows 

and C2 to the grid of V a 2 which 

C2 to acquire charge. 

negative trailing edge of the feedback pulse, and the charge 

However, V2 does not conduct on the 

left on C2 is distributed in the C1, C2, R1, and R19 circuit. 

This results in a neutralization of the charge acquired by 

C from the ionization chamber, permitting the grid of VI to 

become more negative and the plate voltage to become more posi- 
1 

tive. 

and gates off the astable multivibrator after one feedback 

As the plate of V1 becomes positive, Q begins to conduct 
2 

pulse, resulting in the circuit being "reset." The astable 

multivibrator (Q, and Q ) also drives Q,, into conduction, 

which in turn operates the monostable multivibrator (Q, and Qg). 

The output pulse  from the monostable multivibrator then drives 

4 

Q6 and Q 

2.3 Ionization-Chamber - Electrometer-Tube Assembly 

into conduction, which in turn steps the register. 7 

2.3.1 Design of Ionization Chamber 

In the Apollo dosimeter system it is desired to have an 
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i on  chamber of neg l ig ib l e  weight, low operat ing vo l t age ,  and 

maximum s i g n a l  output .  

t he  operat ing high vo l t age ,  the type of gas ,  and the  s a t u r a t i o n  

e f f i c i e n c y  a t  a maximum dose r a t e  were f ixed  e a r l y  i n  the  design. 

With these  design f a c t o r s  e s t ab l i shed ,  t he  remaining v a r i a b l e s  

w e r e  f i l l i n g  pressure  and the dimension of the inne r  e l ec t rode .  

The dimension of the  inner  e lec t rode  a f f e c t s  both the  chamber 

volume and f i e l d  s t r eng th  i n  the  c a v i t y ,  while the  pressure  

a f f e c t s  t he  ion  mobi l i ty .  

mined by the requirement f o r  maximum s i g n a l  output .  

The dimension of the outer  e l e c t r o d e ,  

These v a r i a b l e s  w e r e  uniquely de te r -  

The shape se l ec t ed  f o r  the ion-chamber e lec t rodes  is hemi- 

sphe r i ca l .  For sphe r i ca l  e lec t rodes  (Ref. 2) , 

where 

R = inner radius of the  high-voltage electrode 
( a  cokistant) 

r = r ad ius  of inner  e l ec t rode  (a  design 
va r i ab le )  

a = volume recombination c o e f f i c i e n t  ( a  con- 
s t a n t  over the  pressure  range of i n t e r e s t )  

e = charge per ion ( a  constant)  
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kl & k2 = ion mobilities, inversely proportional to 
pressure (a design variable) 

V = chamber high voltage 

q = charge per unit volume per unit time, pro- 
portional to dose rate (a constant) and 
pressure (a design variable) 

Grouping all constants and solving for pressure in terms of r 

gives 

1 P = k s  
2 R R2 1 + - + - 

R2 
(R-r) 

The ionization chamber current is given by 

where D is the dose rate, v is the volume, and P is the pressure. 

In terms of radius r 

Let X = r/R, then 
213 

I = k(l-X3) [ X2 ] (1-X) (1 + x + x ) 



The maximum operable dose rate i s  determined by the  recycLfng 

time of the  readout .  Thus, the maximum dose r a t e  f o r  the  system 

i s  108 r ad /h r .  The high vol tage w a s  l i m i t e d  t o  1 6  v so t h a t  

i t  could be obtained from b a t t e r i e s  and without t he  use of a 

dc converter .  The s a t u r a t i o n  e f f i c i ency  of 0.95 a t  the  maximum 

dose ra te  w a s  a r b i t r a r i l y  selected.  Sa tu ra t ion  da ta  f o r  r / R  

o r  X = 0.4 and f o r  a pressure of 1 a t m  of ethylene a t  a dose 

ra te  of 108 rad /hr  i s  l i s t e d  below: 

High Voltage 
(VI 

+ 2  
5 
10 
15 
20 
SO 
67 
90 

Rela t ive  Current 
(amp) 

0.30 
0.63 
0.89 
0.95 
0.98 
0.99 
1.00 
1.00 

It w a s  found t h a t  methane gas  had s i m i l a r  s a t u r a t i o n  charac te r -  

i s t i c s  when the pressure was adjusted t o  give the  same e l ec t ron  

dens i ty  (o r  cu r ren t  output) as e thylene.  

The cu r ren t  and pressure as a func t ion  of X, computed 

from the  expressions above and normalized t o  t he  data obtained 

f o r  e thylene are shown i n  Figure 3 .  It can be seen from these 

data t h a t  some increase  i n  cur ren t  output can be obtained by 
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Figure 3 Ionization Chamber Current and Pressure as a Function 
of Electrode-Gap Relations 
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1 increasing the diameter of the inner electrode and increasing 

the pressure. For small electrode spacings, however, the pressure 

becomes unreasonably large. 

an X = 0.6 and a pressure of 2 atm of ethylene were selected 

so that the saturation efficiency at the maximum count rate 

(108 rad/hr) is greater than 0.95. 

the chamber at higher dose rates for test purposes, an external 

In the final ionization chamber design 

If it is necessary to operate 

high voltage should be used to obtain saturation. 

2 . 3 . 2  Fabrication of Ionization Chamber 

The front and sides of the ionization chamber case are 

made of 0.010-in. stainless steel. The high voltage electrode 

is made of O.OaO-in.-thick tissue-equivalent plastic. The 

total thickness into the sensitive volume is about 0 .4  gm/cm . 2 

High-density polyethylene insulators are used for both signal 

and high voltage. During evacuation, the chamber was baked 

at 80°C to remove water vapor and outgas the plastic. 

resistance of the signal electrode was greateT than IU 

22 v, after filling and pinch-off of the filler tube. 

Insulation 

3n15 3 at 

2 . 3 . 3  Fabrication of Electrometer Tube Section 

The electrometer tubes and high-resistance circuitry are 

mounted in a sealed, evacuated chamber which is an integral 

part of the stainless-steel ionization chamber case. High- 

11 



. 
vol tage  and s i g n a l  connections are made with p ins  mounted i n  

t e f l o n  i n s u l a t o r s  on the  c i r c u i t  board holding the electrometer 

tubes.  

on the  c i r c u i t  board are welded. Electrometer-tube leads are 

soldered d i r e c t l y  t o  the  c i r c u i t  board and form the mechanical 

support  f o r  one end of the  tube. 

of t h e  s igna l  input  was checked and found t o  be b e t t e r  than 

1015 R a t  22 v. 

w a s  baked a t  70°C, evacuated t o  a pressure of less than l m i c r o n ,  

and sea led  o f f .  

hundred microns over a period of t i m e ,  because of outgasing 

of t he  p r in t ed -c i r cu i t  card and polystyrene capac i to r s ;  however, 

t h i s  l o w  pressure should not  a f f e c t  t he  s e n s i t i v i t y  of the  

The seven-pin header and e l e c t r i c a l  connections not  

The cold i n s u l a t i o n  r e s i s t a n c e  

Af te r  assembly the electrometer-tube chamber 

The pressure may be expected t o  r i s e  t o  several 

i o n i z a t i o n  chamber. 

2 .4  Electronics  

2 . 4 . 1  High-Impedance Input  Sect ion 

The high-impedance input  s e c t i o n  i s  contained i n  an evacu- 

a ted  compartment of the ionization-chamber case. 

t o  V1 (Fig.  2) comes from the  center  e l ec t rode  of the  chamber 

through a glass-sealed feed-through. 

of a l l  leads and components i n  the  g r i d  c i r cu i t  i s  kept  as 

high as possible  

to a minimum. The evacuated case w a s  chosen, r a t h e r  than po t t ing  

The input  

The i n s u l a t i o n  r e s i s t a n c e  

n) i n  order  t o  keep t h e  g r i d  leakage 

12 



9 

compound, f o r  s eve ra l  reasons. High i n s u l a t i o n  r e s i s t a n c e  

~ 

i s  d i f f i c u l t  t o  ob ta in  with pot t ing  ma te r i a l ,  and the  evacuated 

I case  g ives  RF sh ie ld ing  t o  the high-impedance inpu t  c i r c u i t .  

The opera t ion  of the input  s ec t ion  i s  as follows: Assume 

V 

Capacitor C1 a c t s  a s  the charge i n t e g r a t o r .  

t o  approximately 2 v ,  V1 i s  turned on and t r a n s i s t o r  O1 i s  

turned o f f  ( see  Sec t ion  2 .4 .21 ,  s t a r t i n g  a chain of events 

i s  cu tof f  and g r i d  vol tage i s  zero with r e spec t  t o  ground. 1 
When C1 i s  charged 

t h a t  r e s u l t s  i n  a d i s c r e e t  pulse being fed back t o  pin 2 of 

the  header. 

and g r i d  cu r ren t  t o  neu t r a l i ze  the  charge on C 

This pulse  causes the g r i d  of V2 t o  go p o s i t i v e  

Thus, VI 1' 

i s  aga in  cu tof f  and the  c i r c u i t  resumes the o r i g i n a l  s t a t i c  

condi t ion .  

2 . 4 . 2  Control,  Shaping, and Feedback Descr ipt ion 

When V (Fig.  2 )  i s  c u t  o f f ,  Q1 i s  on and the  base of 1 
Q2 i s  p o s i t i v e .  This clamps the  c o l l e c t o r  of 4 2  near ground 

) and d i sab le s  the  f l i p - f l o p .  This i s  the stat ic  ('ce sat  

s t a t e  wi th  no i o n i z a t i o n  r a d i a t i o n .  When V t u rns  on, the  1 
base of Q 

This  allows the f l i p - f l o p  t o  change s t a t e ,  feeding a pulse  

drops and Q, i s  turned o f f ,  thus turning o f f  Q2. 
1 

t o  the  base of Q . Q turns  on hard and remains on f o r  a time 5 5 

determined by C6R16- The s e r i e s  zeners ,  CR1 and CR2, c l i p  the 

13 



pulse at about 12.6 v. 

eliminate variations in feedback caused by temperature extremes 

encountered by the system. 

These temperature-compensated zeners 

2 . 4 . 3  Astable Multivibrator - Register Driver 
When the multivibrator changes state, the base of Q,, 

receives a negative pulse from the collector of Q 3 .  

on, driving Q 

circuit, causing Q to turn off and the Darlington pair, com- 

posed of Q6 and 0 

a time determined by C R 

register to step is about 15 msec but for reliability reasons 

this was increased to at least 30 msec. When C charges back 

to a slightly positive state, will again turn on and the 

astable returns to its initial static state. CR3 was added 

to eliminate the pulse due to the back emf of the coil when 

Q, is turned off. 

Q,, turns 

on hard, thus upsetting the state of the astable 

8 

7’ 

9 

to turn on. The Darlington stays on for 

The minimum time needed for the 9 21’ 

9 

Q8 

2.4.4 Power Supply and Regulator 

Power for the electronics is supplied by BT2 which is 

made up of four TR-114R mercury batteries. 

is needed because of the change in battery output voltage re- 

sulting from temperature and decay changes. 

of the method of voltage regulation used in thisdesign is 

A voltage regulator 

The unique feature 

t 

14 



. 
that the temperature change on CR5 cancels the temperature 

change of Q 

CR5 and Q 
13 

thereby giving a temperature compensated output. 13 ' 
were chosen experimentally to give a regulated 

output with a AVout/~ToC of 675 p,v/Co. 

The output voltage is nominally 16 v but may vary slightly 

28 from that value because of the variation in the values of R 

and R 

voltage required. 

will not be affected by slight variations in the values of 

Values for R28 and R may be chosen to give any 29 29 
The output voltage regulation characteristics 

RZ8 and R29. 

The regulated voltage feeds all circuits except the astable 

circuit and register. 

The battery life is such that a 200 hr mission with a 

total dose of lOOOR may be accomplished between battery changes. 

Filament current to the two electrometer tubes is furnished 

by BT1, consisting of one RM-1438R mercury battery. Again, 

the mission time between battery changes is 200 hr or more. 

2.5 Readout Register 

The readout register is a modified "Accutron" watch manu- 

factured by the Bulova Watch Company. This version utilizes 

a solenoid instead of the tuning fork arrangement to actuate 

the register. This modification changes the register from 

15 
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a timing device to an impulse counter, 

to indicate the integrated dose. 

0.01 to 1 rad, the minute-hand from 1 rad to 100 rad, and the 

hour-hand from 100 to 1000 rad, a range of 10 pulses. 

2 . 6  Electrical Connections 

The register has 3 hands 

The second-hand reads from 

5 

The hermitically-sealed high-impedance input unit plugs 

into the electronic module which contains the electrical com- 

ponents, including the variable capacitor C7 (Fig. 2 ) .  Power 

connections to the electrometer tubes are made through the 

electronic module. 

The ionization chamber is connected to the input unit 

by Micro-Dot Connectors. 

The electrical connections from the electronics module 

to the readout register are made by 3 spring bars. 

The electronics module is of welded-cordwood construction 

and is potted with Emerson and Cummings Stycast-1090SI potting 

compound. 

16 



111. RELIABILITY 

3 . 1  General 

The r e l i a b i l i t y  pred ic t ion  presented i n  t h i s  s e c t i o n  i s  

an estimate of t he  inherent  r e l i a b i l i t y  of the  dosimeter system, 

i . e . ,  the  q u a l i t y  o r  degree of r e l i a b i l i t y  which i s  b u i l t  i n t o  

the  system through the use and con t ro l  of such f a c t o r s  as 

Simpl ic i ty  and soundness of design,  

Conservative appl ica t ion  of r e l i a b l e  par t s ,  

Provis ions f o r  proper manufacturing techniques,  
and 

Adequate guidance and inspec t ion  during manu- 
f a c t u r e  t o  ensure q u a l i t y  workmanship. 

Because of the  experimental na ture  of the ion chamber 

and the d i a l - t y p e  readout u n i t ,  s u f f i c i e n t  tes t  data are not  

a v a i l a b l e  t o  e s t a b l i s h  a f a i l u r e  rate f o r  these u n i t s .  These 

u n i t s  were, therefore ,omit ted from the  r e l i a b i l i t y  ana lys i s  

w i th  the concurrence of t h e  N.A.S .A .  

The b a t t e r i e s  were also omitted from the ana lys i s  because 

they a r e  expendable i t e m s  which a r e  replaced a f t e r  each mission. 

3 . 2  Summary 

A r e l i a b i l i t y  ana lys i s  was performed to  determine the  

mean time between f a i l u r e  (MTBF) and, subsequently, t he  r e l i a b i l -  

17 



ity of the Ion-Chamber Dosimeter System described in Section 2 

of this report. 

approximately 248,000 hr . 
Results of this analysis indicate an MTBF of 

During the environmental tests of the prototype unit, 

a seal failure occurred which resulted in the failure of the 

dosimeter to pass the humidity test. Tests were resumed after 

an improved seal was installed, and the dosimeter was qualified. 

A total operating time of 600 hr was accumulated on two dosimeter 

systems during this environmental test and the initial "burn-in" 

tests. 

A reliability demonstration test was not required by N.A.S.A.; 

however, a philosophy of testing is submitted to show the feasi- 

bility of demonstrating a required reliability of a system 

of this type. 

3 . 3  Failure Rate Assessment 

The failure rate of each component part was determined 

by the use of data from MIL-HDB-217. The dosimeter circuit 

was reviewed to determine the voltage drop across each component 

or the wattage dissipated by each component during normal opera- 

tion. A stress ratio was thus established for each part, i.e., 

the ratio of actual voltage to rated voltage,or actual wattage 

to rated wattage (as the case may be). After the stress ratio 



f o r  each component had been ca l cu la t ed ,  the  f a i l u r e  ra tes  were 

obtained from the  appropriate  t a b l e s  i n  MIL-HDB-217, These 

f a i l u r e  rates a r e  presented i n  Table 1 i n  percent  f a i l u r e s  

per 1,000 h r o  

3 . 4  R e l i a b i l i t y  Analysis 

The r e l i a b i l i t y  model of t he  dosimeter system i s  an app l i -  

ca t ion  of the  product r u l e  for  computing r e l i a b i l i t y .  A l l  

of the components are required t o  operate  i n  order  f o r  t he  

system t o  funct ion properly;  t he re fo re ,  the  components a r e  

i n  series and the  r e l i a b i l i t y  i s  

T n 

= 1 - 1 exp ( 2 Ai t ) d t  

i-1 0 

i = exp 
n \ 

I i=l 

where 

Rs = probab i l i t y  t h a t  the t i m e  t o  f i r s t  f a i l u r e  
i s  g r e a t e r  than t i m e  T 

t = u n i t s  of t i m e  

N = number of system components 
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hi = failure rate of ith component 

i = 1, 2, 3 ,  N 

Use of the above equation has been based on the assumption 

that the time to failure for the system is exponentially dis- 

tributed, and that the failure rate is consequently constant. 

The above equation was used to derive the system reliability 

as a function of time in hours; the resultant curve is presented 

in Figure 4.  The reliability curve indicates that the dosimeter 

system exhibits a very high inherent reliability; e,g. , the 

probability that the time to the first failure will exceed 30,000 hr 

is 90%. Since the dosimeter is required to operate for approxi- 

mately 200 hr, a reasonable reliability requirement would be 

.90 for a 200-hr mission, 

to attempt to demonstrate an MTBF of 248,000 hr, it is logical 

to demonstrate the .90 reliability for a 200-hr mission. The 

significance of the high inherent reliability derived by this 

analysis is that the closer the true MTBF is to the estimated 

MTBF, the higher the probability of demonstrating a particular 

reliability. 

3.5 Reliability Test Philosophy 

While it is not economically feasible 

Reliability testing of the dosimeter system was not re- 

quired during its design, development, and fabrication; therefore, 
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the reliability of the system was estimated analytically. 

In order to obtain a system with as high an inherent reliability 

as possible, piece parts and subassemblies were derated so that 

the stress on each part would be minimized. 

During the 100-hr "burn-in" and environmental tests on 

the first prototype, and during the 100-hr "burn-in'' test on 

the second unit, operating time and failure data were recorded. 

During these tests, a total of 600 hr of operating time was 

accumulated on two dosimeters. One primary failure was noted 

during the humidity test. This failure, caused by a faulty 

seal, resulted in the deterioration of the batteries and the 

readout mechanism,and subsequent stoppage of system operation. 

These parts were replaced, an improved seal was installed, 

and the environmental test was completed with no additional 

malfunctions, 

In a realistic reliability test to demonstrate a minimum 

reiia-ioiiity of 9OYo fur a 20(-j-tir K l ~ s s f i o n ,  bL- -l--a-.-4--- ---..l A 
LLIC: Uu3JJlIeLcl. W U U l U  

be required to exhibit an MTBF of approximately 2,000 hr. 

In view of the high estimated reliability of the system, the 

2,000-hr MTBF could be demonstrated in a minimum time with 

a small sample size. For example, if the true MTBF were only 

20,000 hr, a 2,000-hr MTBF could be demonstrated by testing 
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a sample of 12 units for 200 hr and considering that 0.90  re- 

liability had been demonstrated with 90% confidence if no more 

than one failure occurred. The probability of passing this 

particular test would also be 90%. 

In the above reliability test procedure, consideration 

was not given to cost of the test samples nor to the cost per 

hour of test time, In a final test plan for the type system 

described in this report, these costs would be an important 

consideration in selecting the type of reliability test that 

would be conducted, 

3 . 6  Conclusions 

The main conclusion drawn from this reliability analysis 

is that the dosimeter system exhibits a high inherent reliability 

as a result of the judicious selection of piece parts and 

conservative design. 

value of reliability could be demonstrated by the use of a 

few additional samples in a minimum amount of time. 

It is further concluded that a reasonable 
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I V ,  TESTS AM) CALIBRATION 

4 .1  Environmental Tests 

One of the  developed dosimeter systems w a s  subjected t o ,  

and passed, the  environmental condi t ion  as spec i f i ed  i n  Appen- 

d i x  A. A l l  of t he  environmental tests except f o r  the r a i n  

t e s t  were performed a t  Garwood Labora tor ies ,  %ne. ,  Montebello, 

Ca l i fo rn ia ,  The r e s u l t s  of t h e  environmental t e s t s  conducted 

by Garwood a r e  given i n  Appendix B o  The r e s u l t s  of r a i n  t e s t  

a r e  given below. 

The dosimeter systemwas sprayed with a garden hose f o r  

20 min on each s ide .  

u n i t  operated s a t i s f a c t o r i l y  a f t e r  t he  test  was completed. 

No physical damage w a s  observed and the 

P r i o r  t o  de l ive ry ,  the  dosimeter systems were operated 

continuously f o r  100 h r  as par t  of t he  r e l i a b i l i t y  program. 

4 . 2  Cal ibra t ion  

60 Cal ib ra t ion  of t he  dose system w a s  performed with a Co 

source.  The source w a s  ca l ib ra t ed  i n  r/hr by N.B.S .  This 

w a s  converted to  t i s s u e  r ad  on the  b a s i s  of 9 4 . 3  ergs/gm equiva- 

l e n t  t o  one r .  

Since i t  i s  necessary t o  c a l i b r a t e  with the  source near 

t he  d e t e c t o r ,  a cen te r  of de tec t ion  was determined experimentally 

f o r  the range of source separat ions used. The center  of de t ec t ion  
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was found t o  be 2 em back from the  ion-chamber end of the  u n i t .  

Cal ibrat ion i s  simply a matter of ad jus t ing  the  feedback 

capac i to r  ( C  i n  Fig.  2) t o  ob ta in  10 mrad of dose per s t e p  

of the  readout.  

7 

The s e n s i t i v i t y  t o  a PuBe neutron source w a s  measured 

on the  two systems and i t  w a s  found t h a t  93 mrem of neutron 

i s  equivalent t o  10  mrad ( t i s s u e ) .  
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V, OPERATING INSTRUCTIONS 

The dosimeter systems a r e  de l ivered  i n  a non-operative 

condi t ion,  i . e . ,  the  b a t t e r y  power suppl ies  (4  ea TR-114R and 

1 ea RM-1438R) must be i n s t a l l e d  t o  make the  systems opera t ive .  

I n s t r u c t i o n s  f o r  i n s t a l l i n g  the b a t t e r i e s  are given below. 

(1) Unfasten the 4 screws on the l i d  of the  system 
package and remove the l i d ,  Note t h a t  the 
package contains  3 c y l i n d r i c a l  compartments: 
a large center  compartment t h a t  houses the  
f i lament  b a t t e r y  (RM-l438R), and 2 small com- 
partments t h a t  house the  high-voltage b a t t e r i e s  
(TR-114R), 

(2)  Place 2 TR-114R b a t t e r i e s  i n  series i n  the  
compartment marked "+" , so t h a t  t he  pos i t i ve  
terminal of the  ba t t e ry  mates wi th  the brass  
t ab  i n  the  bottom of the  compartment. 

(3)  Place the 2 remaining TR-114R b a t t e r i e s  i n  
series i n  the  compartment marked It-", so t h a t  
the negat ive terminal mates with the  b ra s s  t ab  
i n  the  bottom of the compartment. 

(4)  Place the  f i lament  ba t t e ry  (RM-1438R) i n  the 
cen te r  compartment so t h a t  i t s  negative termi- 
n a l  i s  i n  contact  with the e l e c t r o n i c s  module. 

( 5 )  Place polyethylene spacer on top of t he  f i l a -  
ment b a t t e r y .  

(6)  Replace the package l i d  so t h a t  the  3 copper 
contac ts  on the  bottom of the  l i d  make contac t  
wi th  the spr ing  bars mounted on the  periphery 
of the  center  compartment, 
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(7) Insert and t i gh ten  l i d  screws ( the  system i s  
now opera t ive) .  

Note: The readout - reg is te r  reset i s  
located on the backside of r e g i s t e r ,  
therefore  i t  i s  necessary t o  remove 
the package l i d  t o  zero the  r e g i s t e r .  
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APPENDIX A 

ENVIRObSMENTAL TESTING REQUIREMENTS 

(Mots: 7 The specifications for environmental 
testing outlined i n  t h i s  appendix have been 
reproduced, without change, from Appendix 1. 
of Contract NAS9-3407) 
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APPENDIX A 

ENVIRONMENTAL TESTING REQUIREMENTS 

Reference: (b) "General Environmental Requirements 
for Model 133P" - McDonnel Aircraft Corporation 
Report 8433 dated November 20, 1961 as revised on 
January 19, 1962, June 20, 1962 and October 15, 1963. 

1. High Temperature 

MIL-E-5272, Procedure 11 except chamber pressure shall 

be maintained at 5.5 + - .4 psia and the equipment shall operate 

continuously during the test. 

2. Decompression 

The equipment shall be placed in a chamber and the pressure 

reduced to 1.47 x lo-' psia. 

factorily with the chamber temperature at 160°F for 1.5 hours. 

There shall be no crushing, distortion, opening of seals, or 

other damage deleterious to the proper operation, life and 

serviceabil i ty  of the equipment as a result of this test. 

Temperatures are average test chamber wall temperature. 

The equipment shall operate satis- 

3. Low Temperatures 

Equipment temperatures shall be recorded during these tests. 

Equipment which will be mounted on a cold plate in the space- 

craft may be mounted on a cold plate during this test. The 
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cold plate shall be maintained at a temperature of 40°F 4- - loo, 
shall be no larger than the mounting base of the equipment, 

and shall have a heat storage capacity with zero flow equivalent 

to .080-inch-thick, 2024T4 aluminum. Equipment temperatures 

shall be recorded during these tests. Temperatures are average 

test chamber wall temperature. Table I Equipment as specified 

in Reference (b) - the equipment shall be placed within the 
test chamber and the chamber cooled to, and maintained at, 

a temperature of OOF. 

in this environment for a period of four hours. 

4. Temperature-Pressure ( A 1  ti tude) 

The equipment shall be required to operate 

The equipment shall be placed within the test chamber and 

the chamber pressure reduced to 1.47 x psia. The equip- 

ment shall be operated at rated load while the chamber is raised 

to 160°F. 

O°F in 45 minutes and raised again to 160°F in 45 minutes to 

constitute one cycle. 

with the equipment operating. The pressure and temperature 

shall then be returned to room ambient with the equipment opera- 

ting. 

5. Humidity 

The chamber temperature shall then be lowered to 

Five more cycles shall be completed 

MIL-E-5272-C Procedure 1. 



6. Rain - 
The test article shall be sprayed with a garden hose for 

20 minutes on each of the six sides. 

7, Sand and Dust 

MIL-E-5272-C, Procedure I and Salt Spray. 

8 Oxygen Atmosphere 

Table I equipment as specified in reference (b) shall be 

placed in an atmosphere of 100% oxygen. The ambient pressure 

shall be maintained at 5.5 - + . 4  psia. The equipment shall 

be operated the 40-hour duration of the test. Performance, 

obnoxious odors, or deterioration of seals or lubricants during 

the test shall constitute failure to pass this test. For at 

least two hours during this test, the ambient temperature shall 

be maintained at 16O0F. 

The requirements of this test will be satisfied 
by performing the High Temperature Test of para 1 
in 100% oxygen atmosphere, 

9. Explosive Atmosphere 

The equipment shall be placed inside an explosion chamber 

as specified in para 4 . 1 3 . 3  of MIL-E-5272C. A mixture of avi- 

ation gasoline and air will be used as the explosive mixture, 

The t e s t  shall be conducted in accordance with Procedure I11 

of MIL-E-52720, except: 



, 

1. Only those ex te rna l  covers which are normally 
removable i n  f i e l d  usage s h a l l  be removed. 

2.  Test  s h a l l  be accomplished only a t  simulated 
loca l  ground l e v e l  a l t i t u d e .  

10. Shock 

A l l  shock tests s h a l l  be a half-sine-wave pulse of 

11 - + 1 millisecond durat ion.  

11. Acceleration 

Launch- 1 .0  g t o  7.25 g ,  increas ing  l i n e a r l y  i n  326 seconds. 

Abort - 7.25 g f o r  1 sec ,  each of 3 axes.  Re-entry - 15.7 g 

f o r  30 sec, each of 3 axes.  

12 .  Vibration 

Nonoperatinq- Frequency sweep 5 t o  2 kc and back t o  5 

i n  15 minutes,  2 cyc les .  Amplitudes - F i g .  1 o r  2 of r e f e r -  

ence (b ) .  Vibration - 10 min each resonant  frequancy noted 

i n  sweep. Tests to  be conducted i n  each of 3 axes,  

O p e r a t i n g -  Same as above. 

Random Vibrat ion - Figure 3 curve I of re ference  ( b ) ,  15 min 

durat ion.  Each of t h ree  axes.  

Random Vibration - Same as above Curves I ,  11, o r  111 as 

spec i f i ed  i n  equipment SCD. 

1 3 .  Acoustic Noise 

Equipment Operating: The equipment s h a l l  opera te  wi th in  
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SCD tolerances while subjected t o  an o v e r a l l  sound pressure 

level with the d i s t r i b u t i o n  a s  indicated i n  Figure 4 of r e f e r -  

ence (b ) .  The tes t  dura t ion  s h a l l  be 30 minutes d i s t r i b u t e d  

i n  three  ( 3 )  most s e n s i t i v e  mutually perpendicular d i r ec t ions  

equal ly  f o r  10 minutes per o r i en ta t ion .  

a v a i l a b l e  f a c i l i t y  i s  not s u f f i c i e n t  t o  perform the  e n t i r e  

wide band tests,  the spec t ra  may be divided,  with the  approval 

of the  NASA Manned Spacecraf t  Center i n t o  a maximum of 4 bands 

wi th  30 minutes t e s t i n g  i n  each band. 

I f  the power of the 

Equipment Monoperating: R e p e a t  the  above t e s t .  

14. Radio In te r fe rence  

Equipment s h a l l  be t e s t ed  for  generat ion and suscep tab i l i t y  

t o  r a d i o  in t e r f e rence  i n  accordance with MIL-1-26600; however, 

changes t o  the equipment t o  permit meeting these requirements 

s h a l l  be i n  accordance wi th  the  requirements of the p a r t i c u l a r  

SCD involved. 
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APPENDIX B 

GARWOOD LABORATORIES, I N C . ,  ENVIRONMENTAL 
TEST REPORT 

(Note: - This report of test results has been 
reproduced from masters furnished by the 
testing contractor) 
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REPORT NO 3161 GAR WOOD h BORA TORfET, INC. 
PAGE 4 708 SOU" VAlL AVE. 

MON'TEBEUO, CALIF. 

TEST REPORT 

I .  R E F E R E N C E S  

Abbreviated F o r m  
P.O. 150897 

R P T  8433 

F u l l  R e f e r e n c e  D e s c r i p t i o n  
P u r c h a s e  O r d e r  No,  150897 da ted  2-22-65  f r o m  
G e n e r a l  D y n a m i c s / F o r t  Wor th  

G e n e r a l  E n v i r o n m e n t a l  R e q u i r e m e n t s  f o r  Model  
1 3 3 P ,  McDonnel l  A i r c r a f t  C o r p o r a t i o n  R e p o r t  
8433, Revis ion  C ,  dated 10-15-63. 

MIL-1-26600 M i l i t a r y  Specif icat ion MIL-1-26600 (USAF) da ted  
2 June  1958: I n t e r f e r e n c e  C o n t r o l  R e q u i r e m e n t s ,  
A e r ona u t i ca l  Eq u i  pmen t . 

MIL-E-5272C M i l i t a r y  Specif icat ion MIL-E-5272C( I ), dated 
20 J a n u a r y  1960: 
naut ica l  and  A s s o c i a t e d  Equipment ,  G e n e r a l  
Specif icat ion F o r .  

E n v i r o n m e n t a l  Tetiting, A e r o -  

2. DESCRIPTION O F  UNIT T E S T E D  

The unit submi t ted  f o r  t e s t  w a s  one ( I )  Ion C h a m b e r  D o s i m e t e r  
S y s t e m  designed a n d  f a b r i c a t e d  by G e n e r a l  D y n a m i c s / F o r t  W o r t h .  
incased  in  an  insu la ted  housing and  w a s  b a t t e r y  o p e r a t e d .  
and  w a s  designed to  m e a s u r e  and  r e g i s t e r  the in tens i ty  of rad ia t ion  when placed 
within a rad io-ac t ive  f ie ld .  
approximate  phys ica l  d i m e n s i o n s  of the unit w e r e  3 . 0  in  x 3.0 in  x 1-3/4 in .  

The  unit w a s  
T h e  unit w a s  por tab le  

The  T h e  a p p r o x i m a t e  weight  of the unit w a s  1 . 0  Ib .  

3. PURPOSE 

The  p u r p o s e  of t h i s  t e s t  p r o g r a m  w a s  to  s u b j e c t  the  unit to  the 
fol lowing t e s t s  of R P T  8433 and MIL-E-5272C: 

R P T  8433 MIL-E-5272C 
- T e s t  Para. Para. 

High Tempe r a t  o r e  * 4 . 2 .  1 Modified 4 .  I .  2 ,  P r o c .  I1 Modified 
Decompress ion*  4. 2 . 2  Modified - - -  
Low T e m p e r a t u r e *  4 . 3 .  I - - -  
T e m p e r a t u r e  - P r e  s s u r e *  4. 5 Modified - - -  
Humidi ty  4 . 6  4 . 4 . 1 ,  P r o c .  I 
Sa l t  S p r a y  4 . 8  4 . 6 .  I ,  P r o c .  I Modified 
Sand and  Dust 
Oxygen Atmosphere*  4. I 1  - - -  
Explos ive  Atmosphere*  4 .  1 2  Modified 
Ac c e le ra t ion 4 . 1 4  Modified - - -  

4 . 9  4 . 1 1 . 1 ,  P r o c . 1  

4.  1 3 . 4 ,  P r o c .  111 Modif ied 
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3. ' PURPOSE (Cont 'd)  
R P T  a433 MIL-E-5272C 

T e s t  P a r a .  Para. - 
Vibrat ion 4,  1 5  Modified - - -  

Radio  I n t e r f e r e n c e  * 4. 18 - - -  
Shock - - -  4 . 1 5 .  5, P r o c .  V 

Acoust ic  Noise* 4.  i 6.1,  F i g .  4 - - -  

*The unit was tobe  opera t ing  d u r i n g  t h e s e  t e s t s .  

4 .  CONCLUSIONS 

The unit was subjected to  the t e s t s  a s  r e q u i r e d .  Examinat ion  
d i s c l o s e d  no de te r io ra t ion ,  d a m a g e  o r  change  in p e r f o r m a n c e  which could in  a n y  
m a n n e r  p r e v e n t  the unit from meet ing funct ional ,  main tenance  o r  s e r v i c e  r e q u i r e -  
m e n t s  dur ing  s e r v i c e  l i fe .  See  Para. 5. 5. 3. T h e  unit w a s  c o n s i d e r e d  to have 
p a s s e d  the test p r o g r a m  a s  
the  m a n u f a c t u r e r .  

conducted in  th i s  L a b o r a t o r y  and  w a s  r e t u r n e d  to  
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5 .  T E S T  METHODS AND RESULTS 

I 5. I HIGH T E M P E R A T U R E  T E S T  

I 5.1.1 R e q u i r e m e n t s  - -  R P T  8433, Para. 4.2.  I (Modif ied)  
MIL-E-5272C,  Para. 4.  I .  2 ,  P r o c .  I1 (Modif ied)  

5. 1 . 2  Methods - -  The opera t ing  unit w a s  placed in a tempera ture-a l t i tude  
c h a m b e r  which contained a n  o b s e r v a t i o n  window f o r  v i s u a l l y  moni tor ing  the unit 
f o r  d a m a g e  o r  d e t e r i o r a t i o n  d u r i n g  the t e s t .  
t e r n a l  t e m p e r a t u r e  w a s  i n c r e a s e d  to  +I60  F. 
p r e s s u r e  within the c h a m b e r  w a s  reduced to  5.5k.4 PSIA. 
main ta ined  f o r  a per iod  of 48 h o u r s .  
ly moni tored  for d a m a g e  or de te r io ra t ion .  
unit w a s  re turned  to  r o o m  a m b i e n t  condi t ions a n d  v isua l ly  examined  f o r  d a m a g e .  
The  unit was then exposed to  a Cobal t -60 n u c l e a r  rad ia t ion  s o u r c e  ( 1 . 9  m i l l i c u r i e  
ac t iv i ty)  for funct ional  check-out .  

The  c h a m b e r  w a s  s e a l e d  and  the  in -  

T h e s e  condi t ions  w e r e  

0 
A f t e r  t e m p e r a t u r e  s tab i l iza t ion ,  the  

During th i s  t i m e  per iod  the unit w a s  pe r iod ica l ,  
A t  the  conclus ion  of the t e s t  p e r i o d ,  the 

5 .  1 .3  R e s u l t s  - -  Examinat ion  of the  unit dur ing  and a f t e r  the t e s t  per iod  
diciclosed no visible  evidence of d a m a g e  o r  de t e r io ra t ion .  
n o r m a l l y  when exposed to the Co60 rad ia t ion  s o u r c e .  
d e l e t e r i o u s  to the p r o p e r  opera t ion ,  life o r  s e rv i ceab i l i t y  of the unit as  a r e s u l t  Of 

the  t e s t  condi t ions.  The unit w a s  c o n s i d e r e d  to  have p a s s e d  the  High T e m p e r a t u r e  
T e s t  as conducted in  th i s  L a b o r a t o r y .  

T h e  unit o p e r a t e d  
T h e r e  was no d a m a g e  
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5. 2, DECOMPRESSION T E S T  

5 .2 .1  R e q u i r e m e n t s  - -  RPT 8433, Para. 4 . 2 . 2 .  (Modified) 

5 . 2 . 2  
s y s t e m .  
a round  the  c h a m b e r .  
t he rmocoup le  junct ion placed n e a r  the  t e s t  unit. 
c h a m b e r  p r e s s u r e  w a s  d e c r e a s e d  to I ,  47 x 
tained for a pe r iod  of 1 .  5 h o u r s .  
r e tu rned  to r o o m  a m b i e n t  conditions a n d  r e m o v e d  f r o m  the c h a m b e r .  

Methods - -  T h e  operat ing unit w a s  placed in  a be l l  j a r  type v a c u u m  
T h e  i n t e r n a l  t e m p e r a t u r e  w a s  i n c r e a s e d  to  t160°F by h e a t  lamps ins t a l l ed  

T h e  c h a m b e r  t e m p e r a t u r e  w a s  con t ro l l ed  and  mon i to red  by a 
A f t e r  t e m p e r a t u r e  s tab i l iza t ion ,  the 
PSIA. T h e s e  condi t ions w e r e  m a i n -  

At t h e  conclusion of the t e s t  pe r iod ,  the  unit w a s  

5 .2 .  3 R e s u l t s  - -  At the complet ion of the t e s t ,  the  unit w a s  e x a m i n e d .  
T h e  T h e r e  w a s  no  ev idence  of c r u s h i n g ,  d i s to r t ion ,  opening of seals o r  d a m a g e .  

unit 
unit w a s  c o n s i d e r e d  to  have p a s s e d  tha t  port ion of the t e s t  t o  which i t  w a s  sub jec t ed  
in  th i s  L a b o r a t o r y .  

o p e r a t e d  without hesi ta t ion when exposed  to  the  Gobo r ad ia t ion  s o u r c e .  T h e  

5 . 3  LOW TEMPERATURE T E S T  

5 . 3 . 1  R e q u i r e m e n t s  - -  R P T  8433, Para .  4 .  3. 1 

5 . 3 . 2  
c h a m b e r .  A the rmocoup le  junction w a s  ins ta l led  on the unit t o  m o n i t o r  unit t e m p e r a  
t u r e  du r ing  the  t e s t .  
por t r in  the c h a m b e r  wa l l .  T h e  t e s t  c h a m b e r  t e m p e r a t u r e  w a s  lowered  t o  O'F. A f t e r  
t e m p e r a t u r e  s t ab i l i za t ion ,  a s  indicated by the  the rmocoup le  junct ion ins ta l led  on the  
unit ,  the  t e m p e r a t u r e  condi t ions were  maintained f o r  a pe r iod  of 4 h o u r s .  T e m p e r a .  
t u r e  statilization w a s  defined a s  the unit t e m p e r a t u r e  of O°F r e m a i n i n g  unchanged 
f o r  a pe r iod  of 30 m i n u t e s .  

Methods - - T h e  operat ing unit w a s  placed in a low t e m p e r a t u r e  

Thermocouple  connect ions w e r e  m a d e  through a pene t r a t ion  

5. 3 . 3  R e s u l t s  - -  Following the t e s t ,  the uni t 'was r e m o v e d  f r o m  the  
c h a m b e r  and e x a m i n e d .  
r e su l t i ng  f r o m  the  t e s t  condi t ions.  
t o  the  Cobo rad ia t ion  s o u r c e .  
T e m p e r a t u r e  Tes t  as  conducted in  th i s  L a b o r a t o r y .  

T h e r e  was n o  v is ib le  d a m a g e  o r  deg rada t ion  of the unit 
T h e  t e s t  unit ope ra t ed  n o r m a l l y  when exposed  

T h e  unit w a s  c o n s i d e r e d  to  have p a s s e d  the  Low 
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5.4 TEMPERATURE-PRESSURE T E S T  I 
5.4. I R e q u i r e m e n t s  - -  R P T  8433, Para. 4 . 5  (Modified) 

5.4.2 Methods - -  The opera t ing  unit w a s  placed i n  a vacuuni  c h a m b e r  
with h e a t  l a m p s  a r r a n g e d  a s  d e s c r i b e d  in  Para. 5. 2 . 2 .  
a round the unit with connec t ions  m a d e  through p e n e t r a t i o n  p o r t s  i n  the c h a m b e r  b a s e .  
T h e  cooling coil w a s  connected to  a n  LNZ s o u r c e  with a solenoid o p e r a t e d  valve in  
the l ine to c o n t r o l  the flow. A thermocouple  junct ion w a s  placed n e a r  the unit a n d  
w a s  connected to a t e m p e r a t u r e  p r o g r a m m e r  which regula ted  the c h a m b e r  t e m p e r a -  
t u r e  by control l ing the hea t  l a m p s  a n d  LNz flow. 
the internal  p r e s s u r e  w a s  d e c r e a s e d  to  1 . 4 7  x 
w a s  s tabi l ized a t  t 1 6 0 ° F .  
m i n u t e s ,  then r e t u r n e d  to  t16O0F in 45 m i n u t e s  a t  a l i n e a r  r a t e  t o  cons t i t u t e  one 
cyc le .  The unit w a s  subjec ted  t o  5 addi t ional  t e m p e r a t u r e  c y c l e s  f o r  a to t a l  of 6 
c y c l e s  wit,h the  above  c h a m b e r  p r e s s u r e  being main ta ined .  
l a s t  t e m p e r a t u r e  c y c l e ,  the c h a m b e r  w a s  r e t u r n e d  t o  r o o m  a m b i e n t .  
the operat ing unit w a s  r e m o v e d  f r o m  the c h a m b e r  and  e x a m i n e d .  

A cool ing co i l  was  in s t a l l ed  

T h e  c h a m b e r  w a s  then s e a l e d  and  
PSIA. T h e  c h a m b e r  t e m p e r a t u r e  

T h e  c h a m b e r  t e m p e r a t u r e  w a s  l o w e r e d  t o  O°F i n  45 

At the conclus ion  of the 
Fol lowing th i s ,  

5.4. 3 R e s u l t s  - -  Examinat ion  of the unit ,  following the t e s t ,  d i s c l o s e d  
no d a m a g e  o r  d e t e r i o r a t i o n  as  a r e s u l t  of the t e s t  condi t ions.  
without hesi ta t ion when exposed  t o  the Cob' rad ia t ion  s o u r c e .  
s i d e r e d  to  have p a s s e d  the T e m p e r a t u r e - P r e s s u r e  T e s t  as  conducted in  th i s  

T h e  unit opera ted  
T h e  unit w a s  con-  
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HUMIDITY T E S T  

5 .5 .  I R e q u i r e m e n t s  - -  RPT 8433, Para. 4 . 6  
MIL-E-5272C, Para. 4 . 4 . 1 ,  P r o c .  I 

5. 5 . 2  Methods - -  The t e s t  s p e c i m e n  w a s  placed in  a humidi ty  c h a m b e r .  
T h e  t e m p e r a t u r e  in t h e  c h a m b e r  w a s  r a i s e d  f r o m  r o o m  t e m p e r a t u r e ,  S e e  Photo  1 .  

a p p r o x i m a t e l y  76'F, t o  I 60°F d u r i n g  a 2 hour  per iod .  
w a s  then main ta ined  f o r  a 6 h o u r  per iod.  
c h a m b e r  w a s  d e c r e a s e d  o v e r  a 16 hour per iod  t o  76'F. 
w a s  main ta ined  throughout  the complete  c y c l e .  
of 240 h o u r s  o r  a 10 day per iod .  
7 .  5 a t  77'F w a s  used to obtain the requi red  humidi ty .  

T h e  t e m p e r a t u r e  of 1 60°F 
Fol lowing th i s ,  the t e m p e r a t u r e  of the 

A r e l a t i v e  humidi ty  of 95% 
T h i s  cyc le  w a s  r e p e a t e d  f o r  a to t a l  

Disti l led w a t e r  having a pH value between 6 . 5  and 

5.5.3 R e s u l t s  . - -  Examinat ion following the t e s t  d i sc losed  c o r r o s i o n  on 
the  a s s e m b l y  s c r e w s  and m o i s t u r e  within the r e g i s t e r  of the unit. 
not o p e r a t e  when exposed  to t h e  Co60 rad ia t ion  s o u r c e .  T h e  unit w a s  d i s a s s e m b l e d .  
C o r r o s i o n  w a s  found on the  b a t t e r i e s  and on the i n t e r n a l  components  of the r e g i s t e r .  
T h e  unit w a s  r e t u r n e d  to  the m a n u f a c t u r e r  f o r  evaluat ion.  
test , i t  w a s  noted tha t  the unit was  a s s e m b l e d  with s t a i n l e s s  s t e e l  s c r e w s  with p l a s t i c  
c o v e r s  and  the seal w a s  improved .  
conclus ion  of the t e s t  per iod ,  the unit w a s  examined .  
t ion o r  c o r r o s i o n  which would prevent  the equipment  f r o m  m e e t i n g  opera t iona l  and  
m a i n t e n a n c e  r e q u i r e m e n t s  during i t s  s e r v i c e  life. 

T h e  unit would 

Upon r e s u b m i t t a l  f o r  

The above  t e s t  w a s  then r e p e a t e d .  At the 
T h e r e  w a s  no v i s ib l e  d e t e r i o r a  

The  s a m p l e  w a s  c o n s i d e r e d  t o  
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5 . 6  SALT SPRAY T E S T  

5. 6. I R e q u i r e m e n t s  - -  R P T  8433, Para. 4 . 8  
MIL-E-5272C Para. 4 .6 .1 ,  P r o c .  I (Modif ied)  

5 . 6 . 2  Methods -- The s p e c i m e n ,  was  suspended in  a sa l t  s p r a y  t e s t  
c h a m b e r .  
not a f fec t  the c o r r o s i v e n e s s  of t he  s a l t  fog. 
c h l o r i d e  with l e s s  than 0.1% s o d i u m  iodide and  less than 0.  2% to ta l  i m p u r i t i e s  on 
the d r y  basie  w a s  p r e p a r e d  by d isso lv ing  20 f 2 p a r t s  by weight  of s a l t  in  80 p a r t s  
by weight  of d i s t i l l ed  w a t e r .  
p a s s i n g  c lean  c o m p r e s s e d  a i r  with a r e l a t ive  humidi ty  of a t  l e a s t  8570 through a 
p la s t i c  a t o m i z e r .  A i r  w a s  humidif ied p r i o r  t o  e n t r y  into the c h a m b e r  by p a s s i n g  
it th rough a c h a m b e r  of w a t e r  main ta ined  a t  a t e m p e r a t u r e  in e x c e s s  of 95'F. 
f rom the a t o m i z e r  w a s  d i r e c t e d  into the  c h a m b e r  so t h e r e  w a s  no  d i r e c t  impinging 
of s p r a y  on the spec imen. '  T h e  s a l t  solut ion w a s  kept  free f r o m  so l id s  by f i l t r a t ion .  
Specif ic  grav i ty  and pH w e r e  main ta ined  a t  1 ,  I 2 6  t o  I .  157 a n d  6. 5 to  7 . 2  r e s p e c t i v e 1  
when m e a s u r e d  a t  a t e m p e r a t u r e  of 9Z°F to  97'F. 
cont ro l led  by c. p. hydrochlor ic  a c i d .  
main ta ined  a t  9 5  *2'F. 
having a horizontal  s u r f a c e  area of 80 s q u a r e  c e n t i m e t e r s  would co l l ec t  0 .  5 to  3 . 0  c (  
of so lu t ion  per  h o u r  a n y w h e r e  in  the e x p o s u r e  zone .  
t h i s  envi ronment  f o r  50 h o u r s .  
w a t e r  to  remove  sa l t  d e p o s i t s .  

In te r ior  p a r t s  of the  c h a m b e r  w e r e  cons t ruc ted  of m a t e r i a l s  which would 
A s a l t  solut ion cons is t ing  of s o d i u m  

T h i s  so lu t ion  w a s  a t o m i z e d  into the  c h a m b e r  by 

F o g  

T h e  pH of the  solut ion w a s  
T e m p e r a t u r e  of the e x p o s u r e  zone w a s  

F low of fog from the a t o m i z e r  w a s  s u c h  that  a r e c e p t a c l e  

T h e  s p e c i m e n  w a s  exposed  in  
Upon r e m o v a l ,  the  unit w a s  washed  off wi th  w a r m  

5 .6 .3  R e s u l t s  - -  At the  conclus ion  of the  t e s t ,  the  unit w a s  e x a m i n e d .  
T h e r e  w a s  no v is ib le  d e t e r i o r a t i o n  o r  c o r r o s i o n  which would p r e v e n t  the  equipment  
from meet ing  opera t iona l  and  m a i n t e n a n c e  r e q u i r e m e n t s  d u r i n g  i t s  s e r v i c e  life. 
T h e  s a m p l e  w a s  c o n s i d e r e d  to have p a s s e d  the  por t ion  of the  t e s t  to  which i t  w a s  
subjec ted  in  this  L a b o r a t o r y .  
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5.7 SAND AND DUST TEST 

5.7. 1 R e q u i r e m e n t s  - -  RPT 8433, Para. 49 
MIL-E-5272C, Para. 4 . 1 1 . 1 ,  P r o c . 1  

5 . 7 . 2  Methods - -  The unit w a s  suspended in  the c e n t e r  of the a i r  s t r e a m  
p a s s i n g  through a sand and  d u s t  machine .  Sand a n d  d u s t  of the specif ied composi t ion  
w a s  in t roduced  into the moving  a i r  s t r e a m  in  suff ic ient  quant i ty  t o  m a i n t a i n  a d e n s i t y  
of 0 .1  to  0 .5  g r a m s  p e r  cubic  foot within the t e s t  s p a c e .  
a n d  d u s t  p a r t i c l e s  w a s  100 to  500 fee t  p e r  minute .  Rela t ive  humidi ty  in  the  c h a m b e r  
w a s  main ta ined  below 3070 dur ing  the t e s t .  The  in t e rna l  t e m p e r a t u r e  of the  c h a m b e r  
w a s  s tab i l ized  a t  77OF. The  t e s t  unit w a s  subjec ted  to  t h e s e  condi t ions f o r  a per iod  
of 6 h o u r s .  T h e  t e m p e r a t u r e  inside the t e s t  c h a m b e r  w a s  then r a i s e d  to  160°F, a n d  
the  condi t ions above  w e r e  maintained f o r  a n  addi t iona l  6 h o u r s .  

T h e  veloci ty  of the sand 

5. 7.3 R e s u l t s  - -  At the  complet ion of t h e k s t  per iod ,  the unit w a s  re-  
moved f r o m  the t e s t  c h a m b e r  and examined.  
a n d  dus t .  T h e  e x c e s s  of contaminants  w a s  r e m o v e d .  T h e r e  w a s  no vis ible  
d e t e r i o r a t i o n  which would p r e v e n t  the equipment  f r o m  meet ing  opera t iona l  and 
m a i n t e n a n c e  r e q u i r e m e n t s  dur ing  i t s  s e r v i c e  l i fe .  
exposed  to  the Co60 rad ia t ion  source .  
por t ion  of the t e s t  t o  which it w a s  subjected in  th i s  L a b o r a t o r y .  

The  unit w a s  wel l  c o v e r e d  with sand  

T h e  unit o p e r a t e d  n o r m a l l y  when 
The  unit w a s  c o n s i d e r e d  to  have p a s s e d  that  

5 . 8  O X Y G E N  ATMOSPHERE T E S T  

5 . 8 . 1  R e q u i r e m e n t s  - -  RPT 8433, Para. 4. 1 1  

5.8. 2 Methods - -  The operat ing unit w a s  placed in  a be l l  j a r  type vacuum 
T h e r - m n c ~ ~ ~ p l e  a n d  hea t  lamp a r r a n g e m e n t  w a s  a s  d e s c r i b e d  in Para. 5 .2 .  c h s ~ . b e r .  

T h e  in t e rna l  p r e s s u r e  of the c h a m b e r  w a s  reduced  to  5. 5 f . 4  PSIA using a vacuum 
p u m p  des igned  f o r  oxygen s e r v i c e .  Oxygen w a s  cont inuously bled into the vacuum 
c h a m b e r  a t  a s low r a t e  d u r i n g  the  test t o  i n s u r e  a 100% oxygen a t m o s p h e r e .  T h e s e  
condi t ions w e r e  main ta ined  f o r  a per iod of 40 h o u r s  with the t e m p e r a t u r e  i n c r e a s e d  
to  +160°F dur ing  the  l a s t  two h o u r s  of the  t e s t .  

5 .8 .  3 R e s u l t s  - -  At the conclusion of the t e s t ,  the  unit w a s  examined .  
T h e r e  w a s  no evidence  of d a m a g e ,  d e t e r i o r a t i o n  o r  obnoxious o d o r s  r e s  l t ing f r o m  
the  t e s t  condi t ions.  T h e  unit operated n o r m a l l y  when exposed to  the Co" rad ia t ion  
source. 
as conducted in  t h i s  L a b o r a t o r y .  

T h e  t e s t  uni t  w a s  cons idered  to  have p a s s e d  the Oxygen A t m o s p h e r e  T e s t  
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5 . 9 . 2 . 2  
approximate ly  10,000 f e e t  above  the d e s i r e d  t e s t  a l t i tude  ( s t a t ion  level) .  
weight  of f u e l  (gaso l ine ,  g r a d e  100/130)  n e c e s s a r y  to  produce  a n  a i r - f u e l  r a t i o  of 
1 3  to  I at the  t e s t  a m b i e n t  w a s  d r a w n  into the c h a m b e r .  A t i m e  of 3 f 1 m i n u t e s  
w a s  allowed f o r  in t roduct ion  a n d  vapor iza t ion  of the  fuel .  A i r  w a s  a d m i t t e d  into the  
c h a m b e r  until t he  s i m u l a t e d  a l t i tude  w a s  5000 fee t  above  s t a t ion  l eve l .  At t h i s  t i m e ,  
the explos iveness  of the a i r - f u e l  m i x t u r e  w a s  ver i f ied  by s a m p l i n g  and  exploding the 
s a m p l e  vapor .  

The in t e rna l  t e s t  c h a m b e r  p r e s s u r e  wae r e d u c e d  to  an a l t i tude  
T h e  

I 5.9. 2.3 With the unit opera t ing  cont inuously,  a i r  w a s  then  a d m i t t e d  s teadi ly  
into the  c h a m b e r  unt i l  s t a t ion  l e v e l  w a s  r e a c h e d .  At th i s  t i m e ,  the  e x p l o s i v e n e s s  of 
the a i r - f u e l  m i x t u r e  was  a g a i n  ver i f ied  by sampl ing  and  exploding the s a m p l e  v a p o r .  
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5. 9. EXPLOSIVE ATMOSPHERE T E S T  

5 .9 .1  R e q u i r e m e n t 8  - -  R P T  8433, Para. 4 .12  (Modlf ied)  
MIL-E-5272C, Para. 4 . 1 3 . 3 6 ~ .  4, Proc.111 

(Modif ied)  

5.9. 2 Methods 

5.9. 2 . 1  The  opera t ing  unit w a s  ins ta l led  in  a t e s t  c h a m b e r  equal  t o  
The  c h a m b e r  w a s  sea led  and the a m b i e n t  t e m p e r a t u r e  within the MIL-C-9435.  

c h a m b e r  w a s  r a i s e d  to  t 1 6 0  *S°F. 
w a l l s  wae a l lowed to  rise to  within 20°F of the  c h a m b e r  a i r  p r i o r  t o  the  in t roduct ion  
of the  explosive m i x t u r e .  

The t e m p e r a t u r e  of the  t e a t  unit a n d  the  c h a m b e r  

5 . 9 . 3  R e s u l t s  - -  At no t i m e  w a s  t h e r e  a n  explos ion  in  the c h a m b e r  a s  a 
r e s u l t  of the opera t ion  of the t e s t  unit. 
found t o  b e  explos ive  in e a c h  case. 
d u r i n g  the t e s t .  
s o u r c e  following the t e s t .  
Atmosphere  T e s t  as  conducted in  th i s  L a b o r a t o r y .  

The  s a m p l e s  of the a i r - f u e l  m i x t u r s  w e r e  
T h e r e  w a s  no malfunct ion  of the  unit ev ldent  

The  unit w a s  c o n s i d e r e d  to  have p a s s e d  the Explos ive  
The  unit o p e r a t e d  n o r m a l l y  when exposed  t o  the Cob' rad ia t ion  
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5. 1.0 ACCELERATION TEST 

5 . 1 0 . 1  R e q u i r e m e n t s  - -  R P T  8433.  Para. 4 .  14 (Modified) 

5 . 1 0 . 2  Methods 

5. 10.  2 .  1 A c c e l e r a t i o n  Specimen Axis  Identification 

X Axis - -  N o r m a l  to the d i a l  face  
Y Axis - -  P a r a l l e l  to the  s h o r t  d imens ion  
Z A x i s  - -  Mutually p e r p e n d i c u l a r  to  the X and Y Axes  

5 .10 .2 .  2 Conduct of T e s t  - -  The unit was  instal led in  a c l a m p  type f ix tu re .  
T h i s  a s s e m b l y  w a s  then s e c u r e d  on the tab le  of the cent r i fuge  boom. 
t ion f o r c e  w a s  i n c r e a s e d  f r o m  1 . 0  C to 7 .  2 5 G ' s d  a l inea r  r a t e  in  326 seconds  and  
main ta ined  a t  th i s  l eve l  fo r  one second,  then i n c r e a s e d  to 1 5 . 7  G ' s  f o r  30 seconds. 
T h i s  t e s t  w a s  conducted along e a c h  of t h r e e  mutual ly  p e r p e n d i c u l a r  a x e s .  
a x i s  extended in  a radial d i r e c t i o n  with r e s p e c t  to  the cent r i fuge  c e n t e r  of ro ta t ion .  

The  a c c e l e r a -  

E a c h  

5 . 1 0 . 3  R e s u l t s  - -  Following the t e s t ,  the  unit w a s  v isua l ly  examined .  
T h e r e  w a s  no  evidence of s t r u c t u r a l  f a i lu re ,  d i s tor t ion  o r  d a m a g e .  
o p e r a t e d  n o r m a l l y  when exposed to  the Cob' rad ia t ion  s o u r c e .  
c o n s i d e r e d  to  have passed  the Acce lera t ion  T e s t  as  conducted in  th i s  L a b o r a t o r y .  

The unit 
The  unit w a s  

I .  

; 
G IOC 4b4 3.8, 

REPORT NO 3'61 

1 3  PAW 

53 



REPORT NO 3161 

?AGE 14 

GAR WOOD h B O R A T O R I E S ,  INC. 
708 SOVM VAlL AVE. 

MOMEBEUO, CALIF. 

TEST REPORT 

5 . 1 1  VIBRATION TEST 

5 . 1 1 . 1  R e q u i r e m e n t s  - -  R P T  8433, Para 4 .  15 (Modif ied)  C u r v e  111 

5 . 1 1  .'I, 1 Vibrat ion T e s t  Outline - -  T h e  unit w a s  to  be v ibra ted  using a 
T h e  cons tan t  s p e c t r a l  r a n d o m  s igna l  having a bandwidth f r o m  20 to  2000 CPS.  

d e n s i t y  w a s  to  be 0 .065  GZ/CPS f r o m  20 to  700 C P S  and 0.020 G 2 / C P S  f r o m  700 
to  2000 CPS. T h e  above l eve l  of vibra t ion  i s  8 . 4  G ' s  RMS a s  r e a d  on a t r u e  RMS 
vol tmeter .  The t i m e  dura t ion  w a s  to  be f o r  1 5  m i n u t e s  a long  e a c h  of 3 mutua l ly  
perpendicular  a x e s  for a total  of 45 m i n u t e s .  
a m b i e n t  condi t ions.  

T h e  t e s t  w a s  to  be conducted a t  r o o m  

5 . 1 1 .  2 Methods 

5 . 1 1 .  2. I Vibrat ion Spec imen Axis  Ident i f icat ion 

X Axis  - -  N o r m a l  to  the d i a l  f ace  
Y Axis  ' - -  P a r a l l e l  to  the s h o r t  d imens ion  
Z Axis - -  Mutually p e r p e n d i c u l a r  t o  the X and  Y Axes  

5 . 1 1 .  2 . 2  Vibrat ion T e s t  Mounting Method - -  The unit was  insta  led in a 
r ig id  c lamp type f ix tu re  f a b r i c a t e d  of m a g n e s i u m  tooling p la te .  
c a p a b l e  of t r a n s m i t t i n g  the specif ied v ibra t ion  a lpng  e a c h  of the un i t ' s  t h r e e  mutua l ly  
perpendicular  a x e  s . 

T h i s  f ix tu re  w a s  

5.11. 3 R e s u l t s  - -  T h e  unit and  v ibra t ion  s y s t e m  were equal ized  t o  provide  
conformance  with the r a n d o m  vibrat ion s p e c t r u m  outlined in Para.  5 . 1 1 .  I .  1 a b o v e .  
Af te r  a t ta inment  of the r e q u i r e d  equal iza t ion ,  the  unit w a s  subjec ted  to  15 m i n u t e s  
of random vibra t ion  a t  8 . 4  G's R M S  a long  e a c h  of 3 mutua l ly  p e r p e n d i c u l a r  a x e s .  
T h e  vibrat ion schedule  w a s  in a c c o r d a n c e  with Para. 5 .11 .1 .1 .  

evidence  of s t r u c t u r a l  f a i lu re  o r  d i s to r t ion  a s  a r e s u l t  of the t e s t  condi t ions .  
unit operated n o r m a l l y  when exposed  to  the Gobo rad ia t ion  s o u r c e .  
cons idered  to  have passed  the Vibra t ionTes t  as conducted in  t h i s  L a b o r a t o r y .  

At the conclusion of the t e s t ,  the  unit w a s  e x a m i n e d .  T h e r e  w a s  ncj v i s ib le  
T h e  

Thv unit w a s  
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5.12  SHOCK T E S T  

5 .12 .1  R e q u i r e m e n t s  - -  R P T  8433, Para. 4 .  1 3  (Modified) 
MIL-E-5272C, Para. 4. IS. 5. I ,  P r o c .  V 

5 . 1 2 . 2  Methods 

5 .12 .  2 .1  Shock Spec imen Axis Ident i f icat ion 

X Axis  - -  N o r m a l  to the  d i a l  face 
Y Axis - -  Parallel to the  s h o r t  d imens ion  
Z Axis  - -  Mutual ly  p e r p e n d i c u l a r  to  the X a n d  Y A x e s .  

5 . 1 2 . 2 . 2  Conduct of T e s t  - -  The t e s t  unit w a s  ins ta l led  in  a c l a m p  type 

The to ta l  weight  of the tab le ,  f i x tu re  and  unit, 

The  unit then w a s  sub-  

f ix tu re  a s  d e s c r i b e d  in Para. 5.11. 2 .2 .  
of a MIL-S-4456 s h o c k  machine .  
the  height  of the d r o p  and the block a r r a n g e m e n t  w e r e  computed to  obtain the re-  
q u i r e d  15  C shock  f o r  a dura t ion  of I 1  f 1 m i l l i s e c o n d s .  
j e c t e d  to  3 s h o c k s  of the r e q u i r e d  magnitude and dura t ion  in  the plus  and m i n u s  
d i r e c t i o n s  of e a c h  axis. 
w e r e  appl ied  in e a c h  of the t h r e e  mutual ly  p e r p e n d i c u l a r  axes for a total of 18 shocks  

This a s s e m b l y  w a s  ins ta l led  on the  tab le  

The  t e s t  was r e p e a t e d  with the unit mounted so the  s h o c k s  

5 .12 .  3 R e s u l t s  - -  At the  conclusion of the t e s t ,  the  unit w a s  examined  
T h e r e  w a s  no visible  d a m a g e .  The  unit w a s  c o n s i d e r e d  to v isua l ly  for d a m a g e .  

have p a s s e d  the Shock T e s t  as  conducted infhis Labora tory  a n d  w a s  r e t u r n e d  to  the  
m a n u f a c t u r e r  f o r  evaluat ion and functional check-out .  

; 
-0  IOC .I4 , e, 
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T E S T  EQUIPMENT LIST 
I t e m s  maintained within c u r r e n t  ca l ibra t ion  p e r i o d .  

-Absolute  Manometer :  M e r i a m  Model  31EC10, S/N L61781, 35". M e r c u r i a l  
m a n o m e t e r  reading  f r o m  s e a  l e v e l  t o  150,  000 f t .  a l t i t ude .  
PSIA dur ing  High T e m p e r a t u r e  and  Oxygen A t m o s p h e r e  T e s t s .  

-Alti tude C h a m b e r :  Veeco  Model  VE-401A, S / N  501 1 .  Ultimate  vacuum I x 

Used to  measure 

t o r r .  
evacuat ion of s y s t e m .  

Equipped with c a l i b r a t e d  thermocouple  vacuum g a g e s  f o r  moni tor ing  
Used f o r  the D e c o m p r e s s i o n  T e s t .  

- A c c e l e r o m e t e r :  Endevco Model 2242M4, S/N AA14, 6 . 8 0  rms m v / p e a k  g .  Used 
to  m o d o r  and c o n t r o l  v ibra t ion  l eve l  dur ing  the Vibrat ion T e s t .  

-Centr i fuge:  Wright  Engineer ing  Model 20. Sus ta ined  a c c e l e r a t i o n  to  100 g ' s .  Unit 
equipped with c a l i b r a t e d  t a c h o m e t e r  f o r  a c c u r a t e  d e t e r m i n a t i o n  of a c c e l e r a -  
tion appl ied to the s p e c i m e n  dur ing  the Acce lera t ion  T e s t .  

-Humidi ty  C h a p b e r :  E q u a t o r i a l  Model  3, S/N C E - I  32. Equipped with c o n t r o l s  
adjusted t o  provide compl iance  with MIL-E-S272C,  Para. 4.4.1 , P r o c .  I .  
C h a m b e r  used f o r  conduct ing Humidi ty  T e s t .  

-Explosion C h a m b e r :  Wright  Engineer ing  Model  I .  Unit equipped with c a l i b r a t e d  
C h a m b e r  

Used to conduct  the Explos ive  A t m o s p h e r e  T e s t .  

a l t i m e t e r  and  vacuum pump f o r  evacuat ion  to r e q u i r e d  a l t i t u d e s .  
equipped with ignit ion and sampl ing  d e v i c e s  f o r  ve r i f i ca t ion  of the exp1,osive- 
n e s s  of the a t m o s p h e r e .  

-Sal t  Spray  C h a m b e r :  Wright  Engineer ing  Model  18 ,  S / N  C E - 6 .  C o m p l e t e  with 
bubble tower .  C h a m b e r  t e m p e r a t u r e  95'F. C h a m b e r  used t o  conduct  the 
Salt S p r a y  T e s t .  

-Sand and  Dust C h a m b e r :  Tech-Quip  Model  51 5.  Equipped with t e m p e r a t u r e  c o n t r o  
to  maintain p r e s c r i b e d  l e v e l s .  
T e s t .  

C h a m b e r  used to conduct  the Sand and  Dust  

-Shock Machine:  MIL-S-4456 Model  20VI sand d r o p  m a c h i n e .  Equipped with p r o p e r  
a r r e s t i n g  blocks f o r  I 1  I mi l l i second 
ca l ib ra t ion  c h a r t  f o r  the r e q u i r e d  shock  in t ens i ty .  

half s ine  p u l s e s .  Used with 

- T e m p e r a t u r e  P r o g r e s s - C o n t r o l l e r :  W e s t  Model  J P G ,  S/N 5709460. Range 0 t o  
t300°F.  T h e r m o c o u p l e  c o n t r o l l e d ,  
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TEST EQUIPMENT LIST (Cont 'd)  

I t e m s  maintained within c u r r e n t  ca l ibra t ion  per iod .  

-The rmocoup le  Bridge:  Wheelco  Model 311, S / N  206. Range -100 t o  +lOOO°F. 

- T e m p e r a t u r e  Chamber :  M i s s i m e r s  Model  FTA 12-85  x 200 T e m p e r a t u r e  r ange  
-80 t o  t 200°F .  Used to conduct the Low T e m p e r a t u r e  T e s t .  

-V ib ra t ion  E x c i t e r :  Unholtz-Dickie Model  91M S y s t e m .  Shake r  Model 500, S / N  
112,  ra ted  a t  4000 f o r c e  pounds with r andom exci ta t ion.  
a m p l i f i e r ,  S / N  509. 
equipment:  

Model  A105 power  
Sys tem equipped with following m a j o r  i t e m s  of s u p p o r t  

- -Sinusoidal  Osco l l a to r  & Contro l le r :  M B  Model N575/N576, S / N  121  760 
( B  & K.Model 1028) 

- -Voltage Leve l  R e c o r d e r :  B & K Model  2305, S/N 83140. F o r  X - Y  plot 
of equal iza t ion .  

- -Dynamic  Ana lyze r :  S p e c t r a l  Dynamics  Model SDIOlA, S / N  121,  with 
Model SD-I I Constant  Output Leve l  Adap te r ,  S / N  155,  with 20 
and 5 C P S  tracking f i l t e r s .  

- - S p e c t r u m  Equal izer :  MB Model  N300, Type  6, S / N  468. Part of Model  
T285. 80 Channel Mixed F i l t e r  Random Conso le ,  ME 8 0 / 1 2 . 5 / 2 5 /  

. 50, S / N  352. 
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R 0 TO TEST laboratories, inc. 
TEST REPORT 6005 

?R03 LO5 TiOPtS BLVO I LVNWOOD C A L l f O P N l A  I 
A P P L I C A B L E  T E S T  S P E C .  

Servica Tor 
PER V E R B A L  I N S T R U C T I O N S  O F  &3. c, M E Y E R S  OF 

.---.~-_I_____-__________..--- GARWOOD LAOORATORIES. GARWOOD LABORATORIES, I N C .  

700 SOUTH VAIL AVENUE N A M E  4 P . N .  OF S A M P L E  

~ N T E O E L L O ,  CALIFORNIA 
I O N  C H A M B E R  D O S I M E T E R  S Y S T E M  

. . .. .___ .~.. - - 
S A M P L E  S .N  

GOV'T  AMBIENT 
RTL No. 1 .-__ ~ . - 

Purchase 0;der No. 21 61 -CFM C O N T .  NO.-- g-4 -TEMP.- _._%Oc __-_ - 
ACOUSTIC NOISE PROCEDURE: 

THC T E S T  S P E C I M E N  WAS P L A C E D  W I T H I N  T H E  R O T O T E S T  LABORATORIES A C O U S T I C  

F A C I L I T Y  A N D  B U B J E C T E D  TO T H E  P R E S C R I B E D  A C O U S T I C  N O I S E  E X P O S U R E .  

THE OVERALL SOUND PRESSURE L E V E L  W A S  135 DO COVERING THE FREOUENCY 

S P E C T R U M  O F  23 C P S  TO 10KC. T H E  O C T A V E  B A N D  SOUND P R E S S U R E  L E V E L S  WERE A S  I N D I C A T E D  

ON P A C E  2, H C R E I N .  

THE T E S T  SPECIMEN W A S  S U O J E C T E D  T O  THE NOISE EXPOSURE FOR 30 MINUTES; 

19 M I N U T E S  I N  E A C H  O F  T H R E E  M U T U A L L Y  P E R P E N D I C U L A R  A X E S .  

UPON C O M P L E T I O N  Of' T H E  N O I S E  E X P O S U R E  T H E  TEST S P E C I M E N  WAS V I S U A L L Y  

EXAMINED FOR EVIDENCE OF P H Y S I C A L  D A M A G E  AND RETURNED T O  GARWOOD LAOORATORIES.  
I 

EQU I PMENT: 

NAME - M O D E L  

O C T A V E  BAND NO1 3 E  
ANAL Y z ER GENERAL R A D I O  1550A 

SOUND LEVEL METER GCNERAL R , 0 1 0  1551A 
SOUND LEVEL CALIBRATOR C: N E R A L  R A D I O  15528 
RANDOM NOISE CLNERATOR GENERAL RADIO 139m 
AL T E C  -LANS I NC MI CROPHONE 21 -BR 
S T O P  W A T C H  W I  NCRVA --  AL T C  c -L ANS I NC 100 

C A L I U .  
S.N.  L A S T  DUE 

611 1 / 5 / 6 5  7 /5/65 
2087 4/26/65 10/26/6 
E-3303 12/1/64 12/1/65 
3251 1/11/65 7/11/5 

753 11/9/64 5/3/65 
. 1  - -  BEFORE USE 
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R O l O l E S T  laborutories, inc. PAGE NO 

ACOUSTIC biOISF - C O N T I N U E O  - 

RESULTS : 

OCTAVE 
F R E a U E  NCY BAND O V E R A L L  SOUNO 

BANDS . LEVELS . PRESSURE L C V E L  
(cps 1 (De) (De 1 

20 - 75 120 
75 - 150 123 

150 - 3W 127 
303 - 633 130 
600 - 1200 128.5 

1200 - 24'30 125 
2400 - 4000 121.5 

135 

VISUAL EXAMINATION:  

THE S P E C I M E N  D I S P L A Y L D  NO V I S I B L E  E V l O E N C t  OF P H Y S I C A L  O A M A t i t  R E S U L T I N G  

FROM THE N O I S E  EXPOSURE.  

D L F I N I T I O N  OF A X E S ;  

Y 

I 
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’ ADMlNtSTRATlVE DATA 

PURPOSE 3 F  TEST: 

The purpose of this tost was to determine compliance of the Ion Chamber Doclmeter to the 

Clari 1 requlrsmenh of MIL-1-26600 

MANUFACTURER: 

General Dynomlcr - Fort Worth 
_---. 

MANUFACTURER’S M*3DEL NUMBER: --..- 
None avoilabla 

QUANTITY OF ITEMS TESTED: 

SECURITY CLASSIFICATIJN OF ITEM:  

Unclaui f led 

DATE TEST COMPLETED: 

5 Moy 1965 

TEST CONDUCTED BY: 

Flltron Company, Inc. 
---- 

TEST CONDUCTED F 3 R :  

Gamood Loboratwies, Inc. 

- DISP3S ITI.3 N OF SPECIMEN: 

Returned to Gomood Loboratorlea, Inc. 
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ABSTRACT: 

Radlated interference and susceptibility tests Here performed on the test unit to determine 

compliance with MIL-1-26600. The unit war f w d  to comply wi th  the specification 

requirements. 
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FACTUAL DATA 

1 .o DESCRIPTIJN 3 F  TEST UNIT 

The test unit was a portable buttery powored ion chamber docimote system 
-. 

The test unit was oncased i n  on insulated housing and cmpte te ty  portoblr 

wi th n3 provlsimr f x  external power. 

2 0  DESCRIPTi3N 3F TEST APPARATUS 
-A- 

b complete l ist o f  the test equipment u t i l ized during these t o h  i s  l isted i n  

Appendix I .  

3.0 TEST PROCEDURE - _ _  - -  - - - -  .__-- 

3.1 General : 

Whon making measuroments 3f radiated interference, the entire specified spoctrum 

was scanned to determinr the maximum ievr l r  of interference, At l w s t  three 

measurements per octavo ware recorded of these maximums. 

Broadband interference measurements were prrformod using the p a k  detector 

function on tho noise and f ield intonrity mraruring Instrument. 

Since the tort unit  was encased i n  on insulated housing and had n5 provisions 

fDr oxtornal power 3r extrrnol grounding, all intorfcrence terh were performed 

w i th  tho test unit  ungrounded. 

In tho1 the test spcrclmon was completely roIf-contained wi th  battery and without 

any oxterrml powor leads, conducted interference measuroments or. deemed not 

applicable to this test series. 
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Radiated Meosurements 

Measurements sf the rodiotad interference emanating from the unit were made 

using the antennas specified b e l w .  In all cows the antenna was px i t i sned  

at a distance o f  one foot from the unit and adjusted for maximum indicated 

level on the noire and f ie ld  intensity meter. 

- 3.2 

Antenna -- 
41" Rod 

3 h c  Dipole 

T U M ~  Dlpole 

3.3 Suscsotibilitv Mearuremenh 

Frequency Range 

150kc to 2 h c  

25mc to 35mc 

35mc to Igc 

General  

Monitoring of the test specimen during the susceptibility tests was acc9mpiished 

by observing the only included provision for such monitoring: the radiation 

indicator scale. 

-_- 3.3.1 

As i n  the case of conducted interference, the test specimen was completely 

self-contained without any power leads, and therefwe, coriducted surceptitJility 

te;:; =:e n:t =pp!!cnble to this test sories. 

3.3.2 RF Radiated Susceptibility 

Radiated susceptibility meosurements were performed by subjecting the unit t3 

fields egtabl lshd with the follow in.^ antennas w e r  the specified ron je of 

frequenclcs . 
Antenna Appliod Voltage Frequency Range 

41" Rod 0.1 Volts l50kc t3 25mc 

35mc Dipole 0.1 Volts 25mc to 35mc 

Tuned Dipole 0.1 Volts 3 h c  to I,OOOrnc 
Non Directive 0.1 Volts Irnc to lOgc 

Pone - 2 
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4.0 TEST RESULTS 

4.1 

---- - 

Hodioted lnterforence 

N o  broadbond interference was encountered in the range of I M k c  thrwyh 4 0 h c  

us shown graphically on Page one .sf Appondix I I .  

-- 

4.2  RF Radiated Susceptibility 

When subjected to the radlotsd fields 01 p c i f l e d  in the test procedure no 

degradatim of performance was noted ocrxs the frequency range of I5Okc to 

IOgc. 

5.0 CONCLUS I3N S 
The unit camplied with the requirements of the specification. 

iL- 
/ - , ’  r 

Repored by: / f l c  Apprsved by. 
/ : J d L c d . .  

L .  D .  Cochneuer A .  

5 ems Engineeriny Division 7 
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I .o 

I .I 

INTERFERENCE TEST FACILITIES AND EQUIPMENT 

Shielded Enclxurc, Filtron double shielded ca l l  type of screened construction 

IO '  by 24'. 

I #2  Noise and Field Intensity M o m ,  h p l r e  Devices Model NF-105 Serial No. 128 

and follbwlng occasorter . 
Last Calibration Date: Aprll 28, 1965 

Tuning Units 

TA/NF-I05, .150mc - 25mc 
- 1.2.1 

TI/ NF-I 05, 

M/NF-IO~ 2Wmc - 4oOmc 

25mc - 200mc 

1.2 2 Antennas 

VA-105 41 " Rod .15Qmc - 2 h c  

DM-105-11 Dipole ZOmc - 2OOmc 

DM-105-T2 Dipole 200mc - 400mc 

I . 3  Noire and Field Intensity Meter, Polarad Model FIM ond following accessories, 

Serial No. 146 

Last Calibration Dote: March 12, 1965 

I .3.l Tuning Units 

FIM-L Tunlng Unlt 

FIM-S Tuning Unit 

FIM-M Tuning Unit 

FIM-X Tuning Unlt 

1.00 - 2 . 2 % ~  

2.14 - 4.34gc 

4.20 - 7 .749~ 

7.36 - I O  OOgc 

I .3 .2 '  Antennas 

CA-8 Broadtmnd I .o - 1o.ogc 

75 



. 

GARWOOD LABORATORIES, INC. Report No. 3161 
708 South V a i l  A v e .  
Montebello, Calif .  

FILTRON COMPANY, INC.  

Page 36 
A P P E N D I X 2  , 

FL-4116-T-1-65 

I .4 Signal Generatr ,  Hewlett-kckord, Model 606, Sarlol N o .  038024.31 

Lost Colibration Dote: March 9 ,  1965 

I .5  Signal Generator, Hawlett-fbckord Modal 608, Sariol No. 2032 

Last Calibration Data: March 23, 1965 

I .6 Signal Generator, Hewlett-Pockord Model 612, k r i o l  No 29901 709 

Lost Calibration Date! Janwry 6, 1965 

Appendix I, Pogo 2 
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SP MPLE CALCULATI 3 N S  

Radiated Meosuromcnts 

(nterferoncc Measuring E4uipmsnt - NF-105 

Frequency of broadband meosurmont 

Antenna Factor - Rod Ant rnw 

Cable Lass Facbr 

Meter Reading 

-- 

Interference Level = A + B c C = 

Inturfcrence Meosurlng E p i v e n t  - NF-105 

Frequency of broadband measurement 

Antenna Factor - Dipole 

Cable L ~ S S  Foctsr 

Meter Readlng 

Interference Level = A + B + C 

Report NO. 3161 
Page 40 
A P P E N D I X  2 

14mc 

( A )  t I1 db 

(B) 0 
(c) 30dt - uv/mc 

41db - UV/KIC 

35mc 

( A )  7.7db 

(B) 0.3db 
(C) 32db - uv,/nic 

40db - uv/mc 
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APPENDIX C 

EVALUATION OF ION-CHAMBER READOUT HEADER 

A quartz-fiber electrometer assembly was evaluated to 

determine its applicability in the design of a small, light- 

weight integrating dosimeter system. For the evaluation, two 

Model 1000-1 quartz-fiber electrometer assemblies, based on 

a design by Neher (Refs. 3 and 4 )  for his automatic-recharging 

ionization chamber, were purchased from Electro-Optical Systems, 

Inc. In this design a quartz fiber is placed in tension against 

a quartz rod. When voltage is applied to the fiber, the assembly 

is charged and the fiber is repelled from the post. 

may be discharged by ionization in the surrounding gas, or 

by contact to ground through a resistor. As the charge on 

the post is reduced the tension in the fiber returns it to 

the post and the cycle is repeated. 

ferred per cycle is proportional to the voltage charge on the 

post and its capacitance to ground. The units obtained from 

EOS recycled with a charge of -225 v on the center post. 

fiber faces are made to conduct by means of an aquadag coating, 

while in Neher's original units the post was aquadaged and 

the fiber was coated with gold. 

The post 

The amount of charge trans- 

The 
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I n  t h e  u n i t s  received from EOS, a copper s h i e l d  i s  placed 

around the f i b e r  mounting. A major p a r t  of the eva lua t ion  

was t o  determine the  necess i ty  of t h i s  s h i e l d ,  s ince  i t  cannot 

be to l e ra t ed  i n  a s m a l l  ion  chamber. The o r i g i n a l  purpose 

of the  s h i e l d ,  described by Neher i n  Reference 2 ,  w a s  t o  make 

the pu l l - in  vol tage  of the  f i b e r  independent of the supply 

vol tage.  

independently while the  average cu r ren t  from the pos t  and the  

In  t h i s  t e s t ,  the sh i e ld  and f i b e r  vo l tage  were va r i ed  

t i m e  i n t e r v a l  between f i b e r  contac ts  were measured. Measure- 

ments were a l s o  made with the hi-meg r e s i s t o r  removed and a 

Co60 source near .  

shown i n  Figure C - 1 .  

A schematic of the t e s t i n g  arrangement i s  

The measured e f f e c t s  of f i b e r  and s h i e l d  vol tages  on sen- 

s i t i v i t y  a re  shown i n  Figure C - 2 .  As the  s h i e l d  vol tage  i s  

lowered the  s e n s i t i v i t y  decreases ,  o r  t h e  charge- t ransfer  p e r  

pulse increases .  

sh i e ld  i s  grounded and the f i b e r  vo l t age  i s  r a i s e d .  

s i t i v i t y  v a r i a t i o n  between ind iv idua l  pulses  w a s  e r ra t ic .  

Long periods of s t a b l e  operat ion a l t e r n a t e d  wi th  long periods 

of errat ic  operation. 

from the  f i b e r  output during errat ic  opera t ion .  

operated open t o  the  a i r ,  and opera t ion  might have been more 

An equivalent  change i s  observed when the  

The sen- 

Mult iple  pulses  o r  "bounce" w a s  observed 

The u n i t  w a s  
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Figure C-2 Fiber Sens i t iv i ty  as a Function of Shield and Filament 
Vo 1 tag e 
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cons i s t en t  i f  i t  had been sealed i n  a container  and baked out .  

On several occasions the f i b e r  s tuck  t o  the cen te r  post  and 

had t o  be shaken f r e e .  

The ion  cu r ren t  from a gamma source w a s  measured wi th  

the s h i e l d  grounded and wi th  the  sh i e ld  a t  the  f i b e r  vol tage.  

It w a s  found t h a t  the  cu r ren t  with the sh i e ld  grounded was 

about twice as g r e a t  as wi th  the sh i e ld  a t  f i b e r  vo l tage .  

This r e s u l t  w a s  expected, s ince ,  with the s h i e l d  a t  the  f i b e r  

vo l t age ,  the ion  cu r ren t  i n  t h e  volume enclosed by the sh i e ld  

opposes the ion  cur ren t  t o  the cen te r  post  of the volume ex te rna l  

t o  t h e  sh i e ld .  Also, the low f i e l d  i n s i d e  the  sh i e ld  gives  

poor s a t u r a t i o n  c h a r a c t e r i s t i c s  a t  high dose r a t e s .  For these 

reasons a s h i e l d  cannot be used i n  a low-volume i o n  chamber. 

The only disadvantage i n  not  using an e l e c t r o s t a t i c  sh i e ld  

around the f i b e r  i s  t h a t  the header s e n s i t i v i t y  depends on 

the  f i b e r  vo l tage .  

A quartz  e lectrometer  of t h i s  type would be worth 

t r y i n g  i n  a l ight-weight ,  small-size i n t e g r a t i n g  dosimeter. 

High r e s i s t a n c e  c i r c u i t r y  would not  be required s ince  the only 

element requi r ing  good insu la t ion  i s  the center  post  i n s i d e  

t h e  ion  chamber. 

cons t ruc t ion  would be t o  build u n i t s  wi th  s imi l a r  s e n s i t i v i t i e s  

The p r inc ip l e  problem i n  the ion  chamber 
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t h a t  are s t ab le  to  temperature and v ib ra t ion .  S t ab le  operat ion 

would a l s o  be a f f ec t ed  by the  type of contac t  made by the  quar tz  

f i b e r .  These problems have been solved i n  the l a r g e r  u n i t s  

and i t  should be poss ib le  t o  incorporate  the necessary design 

f ea tu res  i n  a small ion  chamber. Elaborate e l e c t r o n i c s  would 

not  be required.  

operat ing i n  the range of from 50 t o  100 v ,  would c o n s t i t u t e  

the major pa r t  of the e l e c t r o n i c s .  

supply would determine the continuous power requirements and, 

i n d i r e c t l y ,  the  s i z e  and weight of the package. 

A reasonably s t a b l e  high-voltage supply,  

The e f f i c i ency  of t h i s  
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APPENDIX D 

LIST OF MECHANICAL AND ELECTRICAL DRAWINGS 
FOR 

NAS9-3407 FLIGHT-QUALIFIED WHOLE-BODY DOSIMETER SYSTEM 

The drawings listed here were furnished to MSC- 
NASA. Originals are on file at NARF, GD/FW. 

Dwg. No. Sheet Tit le Description 

NLE-268 

NLM-187 

NLM-185 

NLM-186 

1 of 1 Flight-Qualified Dosimeter Schmatic 
System ( A p o l l o ) ,  Model NDS-23 

1 of 1 Assembly, Ionization Chamber, Assembly 
Flight-Qualified Dosimeter 
System (Apollo), Model NDS-23 

1 of 3 Machined Parts, Ion Chamber, De tai 1 s 
Flight-Qualified Dosimeter 
System (Apollo), Model NDS-23 

2 of 3 As above Details 

3 of 3 As above Details 

1 of 1 Assembly, Flight-Qualified 
Dosimeter System (Apollo)  , 
Model NDS-23 
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